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Abstract
Introduction
Mini Clinical Evaluation Exercise (Mini-CEX) and Direct Observation of Procedural Skills
(DOPS) are used as formative assessments worldwide. Since an up-to-date comprehensive
synthesis of the educational impact of Mini-CEX and DOPS is lacking, we performed a sys-
tematic review. Moreover, as the educational impact might be influenced by characteristics
of the setting in which Mini-CEX and DOPS take place or their implementation status, we
additionally investigated these potential influences.
Methods
We searched Scopus, Web of Science, and Ovid, including All Ovid Journals, Embase,
ERIC, Ovid MEDLINE(R), and PsycINFO, for original research articles investigating the
educational impact of Mini-CEX and DOPS on undergraduate and postgraduate trainees
from all health professions, published in English or German from 1995 to 2016. Educational
impact was operationalized and classified using Barr’s adaptation of Kirkpatrick’s four-level
model. Where applicable, outcomes were pooled in meta-analyses, separately for Mini-CEX
and DOPS. To examine potential influences, we used Fisher’s exact test for count data.
Results
We identified 26 articles demonstrating heterogeneous effects of Mini-CEX and DOPS on
learners’ reactions (Kirkpatrick Level 1) and positive effects of Mini-CEX and DOPS on train-
ees’ performance (Kirkpatrick Level 2b; Mini-CEX: standardized mean difference (SMD) =
0.26, p = 0.014; DOPS: SMD = 3.33, p<0.001). No studies were found on higher Kirkpatrick
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levels. Regarding potential influences, we found two implementation characteristics, “qual-
ity” and “participant responsiveness”, to be associated with the educational impact.
Conclusions
Despite the limited evidence, the meta-analyses demonstrated positive effects of Mini-CEX
and DOPS on trainee performance. Additionally, we revealed implementation characteris-
tics to be associated with the educational impact. Hence, we assume that considering imple-
mentation characteristics could increase the educational impact of Mini-CEX and DOPS.
Introduction
Since the introduction of the Mini Clinical Evaluation Exercise (Mini-CEX) in 1995 and the
Direct Observation of Procedural Skills (DOPS) in 2003, their use has spread rapidly around
the world [1–3]. Mini-CEX and DOPS are two commonly used workplace-based assessments
[4], which consist of a direct observation and a feedback conversation [5]. Workplace-based
assessments are assessments of trainees’ performance in the workplace. Thus, in contrast to
many other assessments in medical education, these assessments do not occur in artificial set-
tings, but take place as part of the daily work. Another feature of workplace-based assessments
is that they offer the opportunity to provide trainees with feedback on their performance.
Therefore, they play an important role in competency-based medical education [4, 6]. In the
Mini-CEX, the trainee is evaluated regarding history taking, physical examination skills, com-
munication skills, clinical judgment, professionalism, organization/efficiency, and overall clin-
ical care [5]. In the DOPS, the focus lies on procedural skills. Here, the trainee is evaluated
regarding his or her demonstrated understanding of indications, relevant anatomy, technique
of procedure, obtaining informed consent, demonstrating appropriate preparation pre-proce-
dure, technical ability, aseptic technique, seeking help where appropriate, post-procedure
management, communication skills, consideration of patient/professionalism, and overall
ability to perform the procedure [5].
Besides medical training, Mini-CEX and DOPS have also been introduced in other health
professions, such as nursing, midwifery or dentistry [7–9]. The opportunity for direct observa-
tion of trainees in their clinical workplace makes Mini-CEX and DOPS authentic measures of
performance and clinical competence. Direct observation of trainees’ performance provides a
convenient opportunity to give feedback on observed behavior [10, 11]. Thus, the concept of
Mini-CEX and DOPS appears reasonable for assessing clinical competence and for individu-
ally supporting trainees’ development through the provision of feedback [5].
Due to their feedback components, Mini-CEX and DOPS are increasingly used as methods
of formative assessment, with the goal of shaping and supporting trainees’ learning [5, 12].
Data on the consequences of Mini-CEX and DOPS, namely support of trainees’ learning,
would constitute an important source of their validity [13]. In order to demonstrate such con-
sequential validity, it is necessary to investigate the impact of the assessment, namely whether
it is beneficial or harmful, intended or unintended [13]. With a main focus on the intended
effects, Miller and Archer [14] performed a systematic review on the educational impact of
Mini-CEX, DOPS, case based discussion, and multisource feedback, analyzing whether these
workplace-based assessments actually support trainees’ learning. Educational impact was oper-
ationalized by applying Barr’s adaptation of Kirkpatrick’s four-level model [15]. This model is
commonly used in medical education in order to evaluate educational programs, and was also
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used in other studies evaluating the educational impact of Mini-CEX/DOPS [14]. By applying
Barr’s adaptation of Kirkpatrick’s four-level model, the educational impact can be analyzed on
different levels: Level 1 describes learners’ reactions, Level 2a includes modification of atti-
tudes/perceptions, Level 2b addresses the acquisition of knowledge/skills, Level 3 analyzes
change in behavior, Level 4a is concerned with change in organizational practice, and Level 4b
comprises benefits to patients/clients [15]. Whereas for multisource feedback, Miller and
Archer [14] found evidence demonstrating positive effects on trainees’ performance (Level
2b), this was not the case for Mini-CEX and DOPS. With regard to Mini-CEX and DOPS, all
articles investigated postgraduate medical trainees’ perceptions of the tools (Level 1) rather
than outcomes such as change in behavior or benefits for patients. As the available evidence on
the educational impact of Mini-CEX and DOPS was scarce in 2010, and was limited to post-
graduate medical trainees and outcomes on Kirkpatrick Level 1 [14], it would be interesting to
ascertain whether more evidence has been gathered in the interim, especially on higher Kirk-
patrick levels, including evidence on undergraduate medical trainees and trainees in other
health professions.
Mini-CEX and DOPS should be used in the workplace during daily clinical work. However,
it has been shown that the assessments are perceived as additional workload [16]. Hence,
implementation of Mini-CEX and DOPS is challenging, which could affect their educational
impact. In another context, Durlak and DuPre [17] demonstrated that the extent to which a
program is implemented successfully significantly influences the outcomes of that program.
Within implementation, Durlak and DuPre [17] distinguish eight characteristics: 1) fidelity
(the extent to which the innovation corresponds to the originally intended program), 2) dosage
(how much of the original program has been delivered), 3) quality (how well different program
components have been conducted), 4) participant responsiveness (the degree to which the pro-
gram stimulates the interest or holds the attention of participants), 5) program differentiation
or program uniqueness (the extent to which a program’s theory and practices can be distin-
guished from other programs), 6) monitoring of control (which involves describing the nature
and amount of services received by members of the control groups), 7) program reach (the
rate of involvement and representativeness of program participants) and 8) adaptation (which
refers to changes made in the original program during implementation). As all these character-
istics might be relevant for the educational impact of Mini-CEX and DOPS, it would be inter-
esting to consider characteristics of the setting and implementation status as potential
influences.
Thus, we aim to answer the following research questions:
1. “What evidence is there that Mini-CEX and DOPS have an educational impact on under-
graduate and postgraduate trainees in the health professions?”
2. “Are characteristics of the setting in which Mini-CEX and DOPS take place, or the imple-
mentation status of Mini-CEX/DOPS associated with the educational impact of the tools?”
Demonstrating the educational impact of Mini-CEX and DOPS in a systematic review
would be helpful for educators in terms of justifying the use of the tools in health professions
training. Knowing which characteristics of the setting and of the implementation status influ-
ence the educational impact of Mini-CEX and DOPS would advance our understanding of
when and how to use Mini-CEX and DOPS in order to increase their educational benefits.
Methods
To guide our work, we used the recommendations of Cook and West [18] and followed their
seven key steps, from defining a focused question to analyzing and synthesizing the results.
Educational impact of Mini-CEX and DOPS
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For the first step, we defined the focused research questions as stated at the end of the intro-
duction using the PICO statement. As population, we defined undergraduate and postgraduate
trainees in the health professions; as intervention, we defined Mini-CEX and DOPS; as out-
come, we defined educational impact operationalized using Barr’s adaptation of Kirkpatrick’s
four-level model. We did not define any comparison. To answer the first research question
and to summarize all of the existing literature, we chose a systematic review as the most suit-
able strategy (step II). To answer our second research question, we extracted the relevant data
from the studies included and analyzed whether there are associations of the educational
impact with characteristics of the setting and with characteristics of the implementation status.
The study protocol (http://dx.doi.org/10.17504/protocols.io.nmpdc5n) and data (https://doi.
org/10.6084/m9.figshare.6275288.v1) are available online.The authors did not receive any spe-
cific funding for this review. A PRISMA checklist was completed and adhered to (S1 Table).
Literature search (data sources and search terms)
In the third step, we assembled a team including a librarian. In order to identify relevant arti-
cles as comprehensively as possible, the search strategy was developed and discussed in close
collaboration with our librarian. Together, we decided to use the following electronic data-
bases: Scopus, Web of Science (all databases), and Ovid, including All Ovid Journals, Embase,
ERIC, Ovid MEDLINE(R), and PsycINFO (step IV). Search terms were "mini-CEX" OR "mini
clinical evaluation exercise" OR "direct observation of procedural skills" OR "work-based
assessment" OR "workplace-based assessment" OR “supervised learning event” OR “supervised
learning events”. We analyzed all articles published between the first description of Mini-CEX
in 1995/DOPS in 2003 and December 2016 (date of access: 02.12.2016). Hits from the different
databases were exported to an EndNote library and duplicates were removed.
Article selection
To identify articles relevant to our research question, we defined the following selection crite-
ria (step V):
1. Article type: Original research articles were included; other article types such as reviews,
conference abstracts, letters or editorials were excluded.
2. Language: Articles in English and German were included; articles in other languages were
excluded.
3. Population: Undergraduate and postgraduate trainees from all health professions were
included.
4. Object of investigation/intervention: Articles investigating Mini-CEX or DOPS provided
by experts in real-life clinical encounters were included; other interventions such as Multi-
source Feedback, case based discussions or Mini-CEX and DOPS used in simulation set-
tings were excluded.
5. Outcome: Articles describing the educational impact of Mini-CEX or DOPS, which was
operationalized using Barr’s adaptation of Kirkpatrick’s four-level model [15], were
included.
Two authors independently scanned the articles for eligibility. Differences in article selec-
tion were discussed until consensus was reached. Articles were selected in two rounds: First,
titles and abstracts were scanned, and second, remaining articles were selected based on full
texts. In the first round, 63 out of 1478 articles were not in consensus and had to be discussed
Educational impact of Mini-CEX and DOPS
PLOS ONE | https://doi.org/10.1371/journal.pone.0198009 June 4, 2018 4 / 15
based on the full text. Based on the full text, inclusion/exclusion was clear and all articles were
classified unanimously. To visualize the review process, we used the four-phase flow diagram
as recommended in the PRISMA statement [19].
Data extraction
From the articles included in our review, the authors extracted the following key information
(step VI): setting (institution, Mini-CEX/DOPS, purpose of Mini-CEX/DOPS, feedback recipi-
ent, mandatory Mini-CEX/DOPS, number of Mini-CEX/DOPS, assessment sheet, feedback
provider, similar tools), study design (aim of study, method, intervention, control, sample),
implementation status (fidelity, dosage, quality, participant responsiveness, program differen-
tiation, monitoring of control, program reach, adaptation) [17], and reported outcome.
Data analysis
As a final step, the authors analyzed the data regarding the quality of the studies, educational
impact, and the potential influences on the educational impact (step VII). Effects of Mini-CEX
and DOPS were analyzed separately. Articles describing the educational impact of both Mini-
CEX and DOPS were separated into individual studies.
Study quality. The methodological quality of the studies was assessed using the MERSQI
(Medical Education Research Study Quality Instrument) [20]. The MERSQI consists of ten
items and takes into account study design (single-group cross-sectional or single-group post-
test only: 1 point; single-group pretest and posttest: 1.5 points; nonrandomized, two groups: 2
points; randomized controlled trial: 3 points), sampling (Institutions: one institution: 0.5
points; two institutions: 1 point; three or more institutions: 1.5 points. Response rate: < 50%
or not reported: 0.5 points; 50%–74%: 1 point; 75%: 1.5 points), type of data (assessment by
study participant: 1 point; objective: 3 points), validity evidence for evaluation instrument
scores (content validity: 1 point; validity evidence on internal structure: 1 point; relationships
to other variables: 1 point), data analysis (Sophistication: descriptive analysis only: 1 point;
beyond descriptive analysis: 2 points. Appropriateness: data analysis appropriate for study
design and type of data: 1 point), and outcomes (satisfaction, attitudes, perceptions, opinions,
general facts: 1 point; knowledge, skills: 1.5 points; behaviors: 2 points; patient/health care out-
come: 3 points). The MERSQI demonstrated high interrater reliability (0.72–0.98) and a strong
association with the 3-year citation rate and journal impact factors [20]. The minimum
MERSQI score is 5 and the maximum is 18.
Educational impact. Reported outcomes were classified according to Barr’s adaptation of
Kirkpatrick’s four-level model [15]. The model consists of level 1 (learner’s reaction), level 2a
(modification of attitudes/perceptions), level 2b (acquisition of knowledge/skills), level 3
(change in behavior), level 4a (change in organizational practice), and level 4b (benefits to
patients/clients) [15]. We used this framework in a strict manner and classified self-assessed
improvements in performance into Kirkpatrick level 1 (learner’s reaction).
For meta-analysis, effect sizes were calculated using Hedges’ g (standardized mean differ-
ences) for each comparison [21]. If information reported in the articles was insufficient, we
requested means and standard deviations from the corresponding authors via e-mail or
ResearchGate. To quantify heterogeneity across studies, we used the I2- and tau2- statistics
[22]. A random effects model was used to pool weighted effect sizes.
Potential influences. As potential influences on the educational impact of Mini-CEX/
DOPS, we considered characteristics of the setting and of the implementation status [17].
Within the setting, we considered the purpose for which Mini-CEX/DOPS was used, whether
the use of Mini-CEX/DOPS was mandatory, and what the assessment sheet looked like.
Educational impact of Mini-CEX and DOPS
PLOS ONE | https://doi.org/10.1371/journal.pone.0198009 June 4, 2018 5 / 15
Within the implementation status, we considered fidelity, dosage, quality, participant respon-
siveness, program differentiation, monitoring of control, program reach, and adaptation. To
perform the analyses, implementation characteristics were translated to the context of Mini-
CEX and DOPS and manifestations were defined (high, medium, low; or yes or no). Since
there were no pre-existing definitions of manifestations of implementation characteristics, we
had to define these ourselves. Thus, the definitions were partly influenced by the data reported
in the studies, e.g. to decide on the level of program differentiation (the extent to which Mini-
CEX/DOPS can be distinguished from other programs such as in-training evaluation reports,
case based discussion, or multisource feedback), we first examined which other programs were
described in the articles. Based on this information, we discussed their similarity with Mini-
CEX/DOPS and defined three manifestations of program differentiation, as described in S2
Table. We discussed this operationalization until the whole research team agreed on its appro-
priateness. According to these categories, two authors classified the single characteristics’ man-
ifestations for each study.
To analyze whether there is an association of the educational impact with characteristics of
the setting and with characteristics of the implementation status of Mini-CEX/DOPS, we used
Fisher’s exact test for count data [23]. For statistical analyses, we used R [24] and the R package
“meta” [25]. Statistical significance was defined by a 2-sided α< 0.05.
We assume a negligible risk of bias across and within studies. One major bias across studies
is the publication bias favoring the publication of studies demonstrating positive results. With
regard to Mini-CEX and DOPS, however, a relevant proportion of studies show negative
results [26–29]. We thus assume negligible publication bias in this review. With regard to the
study design, there might be bias within studies. For example, some studies were sequential
cohort studies, with limited randomization. In the meta-analyses, however only studies with
compatible study designs and compatible bias within the studies were pooled. Thus, we did
not further adjust for potential bias within studies.
Results
Search results
Our search identified 2397 records. After duplicates were removed, 1478 records remained. By
screening titles and abstracts, 1367 records were removed. The remaining 111 records were
assessed based on their full text. Of these, 85 articles were excluded, and 26 articles met all eligi-
bility criteria and were included in our review (Fig 1).
Seventeen articles were on Mini-CEX [7, 8, 26, 27, 30–42], six were on DOPS [9, 29, 43–46],
and three investigated both Mini-CEX and DOPS [28, 47, 48]. In the following, study out-
comes are described according to Kirkpatrick levels. Extracted data of all articles are presented
in S3 Table.
Outcomes according to Kirkpatrick levels
Outcomes on Kirkpatrick level 1 (learner’s reaction). Eighteen articles investigated the
effect of Mini-CEX on Kirkpatrick level 1 [7, 8, 26–28, 30–32, 34–37, 39–42, 47, 48]. These
studies aimed to evaluate the implementation of Mini-CEX and to assess user experiences and
satisfaction with Mini-CEX. As shown in Table 1, eleven studies reported high educational
impact (high satisfaction with Mini-CEX; trainees perceived Mini-CEX as helpful or very help-
ful for learning), four studies reported medium educational impact (moderate satisfaction
with Mini-CEX; Mini-CEX was perceived as rather helpful or rather not helpful for medical
training), and three studies reported low educational impact (low satisfaction with Mini-CEX;
Educational impact of Mini-CEX and DOPS
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Fig 1. Flow diagram of search results according to the PRISMA statement. From: Moher D, Liberati A, Tetzlaff J, Altman DG,
The PRISMA Group (2009). Preferred Reporting Iterns for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS
Med 6(7): e1000097. doi:10.1371/journal.pmed1000097. For more information, visit www.prisma-statement.org.
https://doi.org/10.1371/journal.pone.0198009.g001
Table 1. Numbers of studies with low, medium, and high educational impact on Kirkpatrick level 1, separately
for Mini-CEX and DOPS.
Educational impact on Kirkpatrick level 1
low medium high
Mini-CEX 3 (17%) [26–28] 4 (22%) [31, 36, 42, 47] 11 (61%) [7, 8, 30, 32, 34, 35, 37, 39–41, 48]
DOPS 2 (28.5%) [28, 29] 3 (43%) [43, 46, 47] 2 (28.5%) [45, 48]
https://doi.org/10.1371/journal.pone.0198009.t001
Educational impact of Mini-CEX and DOPS
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Mini-CEX was not perceived as helpful for medical training). For detailed information on the
studies, please refer to S3 Table.
Seven studies reported effects of DOPS on Kirkpatrick level 1 [28, 29, 43, 45–48]. Aims of
the studies were to evaluate the implementation of DOPS, user experiences and their satisfac-
tion with the tool.
Two studies reported high educational impact (high satisfaction with DOPS; DOPS was
perceived as useful), three studies reported medium educational impact (moderate satisfaction
with DOPS; DOPS was perceived as rather useful or not useful), and two studies reported low
educational impact (DOPS was not perceived as useful). For detailed information on the stud-
ies, please refer to S3 Table.
Outcomes on Kirkpatrick level 2a (modification of attitudes and perceptions). We
found no studies reporting an educational impact of Mini-CEX or DOPS on Kirkpatrick level
2a.
Outcomes on Kirkpatrick level 2b (acquisition of knowledge and skills). Two articles,
encompassing three studies, reported effects of Mini-CEX on Kirkpatrick level 2b [33, 38].
These studies aimed to investigate the effect of Mini-CEX on trainees’ performance. Study
designs were sequential cohort studies. The study of Kim, Willett [33] compared mandatory
formative Mini-CEX to no or voluntary Mini-CEX, measuring undergraduate medical train-
ees’ performance in a summative end-of-year objective structured clinical examination. The
other two studies by Suhoyo, Scho¨nrock-Adema [38] compared mandatory formative and
summative Mini-CEX to the existing assessment program and measured undergraduate medi-
cal trainees’ performance in an objective structured long examination record.
Educational impact was high in two studies and medium in one study. Effect sizes ranged
from 0.10 to 0.48 and were pooled in a meta-analysis, which revealed a significant standardized
mean difference (SMD) of 0.26 (95% CI, 0.05–0.47; p = 0.014) (Fig 2). Effect sizes of the single
studies were not heterogeneous (I2 = 60%, tau2 = 0.0206, p = 0.08).
Two articles reported on the educational impact of DOPS on Kirkpatrick level 2b [9, 44].
These studies were both randomized controlled trials. Hengameh, Afsaneh [44] evaluated
the effect of formative DOPS on undergraduate nursing trainees’ performance and compared
it to the routine method, which included a subjective judgment of trainees’ general skills. As
Fig 2. Random-effects meta-analyses on the effects of Mini-CEX or DOPS compared with no intervention on
trainee performance. Positive numbers favor Mini-CEX/DOPS. Abbreviation used: SMD (standardized mean
difference).
https://doi.org/10.1371/journal.pone.0198009.g002
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outcome measures, they used validated and reliable assessment checklists for two procedures:
intravenous catheterization and changing dressing. Roghieh, Fateme [9] investigated the effect
of mandatory formative DOPS on undergraduate nursing trainees’ performance. In their
study, DOPS was performed in addition to the routine assessment program to which it was
compared. Outcomes were measured using two checklists, one for trainees’ skill levels in arte-
rial blood sampling and one for trainees’ skill levels in endotracheal suctioning.
Educational impact was high in both studies. As both studies reported two outcome mea-
surements each, two effect sizes were calculated for each study. Effect sizes ranged from 2.53 to
6.02. Pooling effect sizes in a meta-analysis revealed an SMD of 3.33 (95% CI, 2.31–4.35;
p<0.001) (Fig 2). Effect sizes of the single studies were significantly heterogeneous (I2 = 82%,
tau2 = 0.8528, p<0.01).
Outcomes on Kirkpatrick level 3 (change in behavior), 4a (change in organizational
practice) and 4b (benefits to clients or patients). We found no studies reporting effects of
Mini-CEX or DOPS on Kirkpatrick levels 3 or 4.
Analysis of potential influences on the educational impact
Mini-CEX. Our analysis revealed that the educational impact of Mini-CEX was positively
associated with two characteristics of the implementation status: quality of Mini-CEX (n = 9,
p = 0.004) and participant responsiveness (n = 17, p<0.001) (Tables 2 and 3). No significant
links to the educational impact were found with regard to the purpose of Mini-CEX (n = 18,
p = 0.666), its mandatory use (n = 20, p = 0.569), the assessment sheet (n = 16, p = 1.000), fidel-
ity (n = 2, p = 1), dosage I (n = 9, p = 1.000), dosage II (n = 9, p = 1.000), program differentia-
tion (n = 13, p = 0.351), monitoring of control (n = 3, p = 1.000), program reach (n = 12,
insufficient data to calculate p), and adaptation (n = 1, insufficient data to calculate p).
DOPS. Analyzing the studies that investigated DOPS, no significant links between the set-
ting or the implementation status and the educational impact were found. There was no signif-
icant link between the educational impact and the mandatory use of DOPS (n = 6, p = 1),
participant responsiveness (n = 6, p = 0.2), or program differentiation (n = 7, p = 0.114). With
regard to the purpose of DOPS, the assessment sheet, fidelity, dosage I and II, quality,
Table 2. Cross table visualizing the association between quality and educational impact.
Quality
high medium low Sum
Educational impact high 4 0 0 4
medium 1 1 0 2
low 0 0 3 3
Sum 5 1 3 9
https://doi.org/10.1371/journal.pone.0198009.t002
Table 3. Cross table visualizing the association between participant responsiveness and educational impact.
Participant responsiveness
high medium low Sum
Educational impact high 9 1 0 10
medium 0 3 1 4
low 0 0 3 3
Sum 9 4 4 17
https://doi.org/10.1371/journal.pone.0198009.t003
Educational impact of Mini-CEX and DOPS
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monitoring of control, program reach, and adaptation, the reported data were insufficient to
calculate Fisher’s exact test for count data.
Discussion
In this systematic review, we summarized the available evidence on the educational impact of
Mini-CEX and DOPS from 1995 to 2016 and analyzed associations of the educational impact
with characteristics of the setting and characteristics of the implementation status. We identi-
fied 26 articles, 17 on Mini-CEX, six on DOPS, and three on both tools. The majority of the
articles investigated effects of Mini-CEX/DOPS on learners’ reactions (Kirkpatrick level 1),
showing mixed results. Four articles reported effects on trainee performance (Kirkpatrick level
2b) and were synthesized into two meta-analyses: one on DOPS and one on Mini-CEX. Both
meta-analyses revealed a positive effect of Mini-CEX or DOPS on trainee performance. We
found two characteristics of implementation status to be associated with the educational
impact: quality and participants’ responsiveness.
In the meta-analyses the effect of DOPS was about ten times higher than that of Mini-CEX
[9, 33, 38, 44]. This might be due to the different study designs: Whereas the studies on DOPS
focused on specific procedures and aligned intervention and outcome measurement, the stud-
ies on Mini-CEX used a more general approach and did not match intervention and outcome
measurement as closely. In the studies on DOPS, trainees received feedback on their perfor-
mance in predefined procedures, and afterwards, performance in exactly these procedures was
assessed and compared to the control. In the studies on Mini-CEX, the tool could be used for
any situation within trainees’ internships, and the outcome measurements were more general,
using the regular end-of-term assessments. Hence, in the studies on Mini-CEX, a large propor-
tion of the effect could have remained invisible.
Since the educational impact in the meta-analysis on DOPS as well as the reported out-
comes on Kirkpatrick level 1 on Mini-CEX and DOPS varied, we examined whether the set-
ting in which the tools take place and their implementation status affect their educational
impact. In fact, we found two associations between the implementation status of Mini-CEX
and its educational impact: quality and participant responsiveness. The correlation between
the quality of implementation and the educational impact indicates that low quality is associ-
ated with low educational impact and high quality is associated with high educational impact.
In other words, the proper conducting of Mini-CEX, including a realistic reflection of trainee
performance during direct observation, followed by a constructive feedback conversation,
seems to be a prerequisite for its educational impact [49–51]. This might sound logical, but
indicates the importance of implementation [17, 52]. The positive association between partici-
pant responsiveness and the educational impact of Mini-CEX most likely stems from their
strongly overlapping definitions. Since no study on Kirkpatrick level 2b commented on partic-
ipant responsiveness, only studies on Kirkpatrick level 1 were entered into the analysis. Thus,
the definitions of the educational impact on Kirkpatrick level 1 and participant responsiveness
are very similar. Both are concerned with satisfaction and perceived helpfulness of the tools.
The only difference is that the educational impact focuses on trainees’ perspectives, and partic-
ipant responsiveness considers the perspectives both of trainees and supervisors. Therefore,
the question of whether the positive association between participant responsiveness and edu-
cational impact also holds true for higher Kirkpatrick levels remains open and should be con-
sidered in future studies. Besides the two positive associations with participant responsiveness
and quality, no other characteristics of the setting and the implementation status showed sig-
nificant associations with the educational impact of Mini-CEX. With regard to DOPS, no
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significant associations were found at all. This might be due to the limited data base, as on
average, only three out of eight characteristics of the implementation status were reported.
As hypothesized, our study demonstrates that proper implementation is positively associ-
ated with the educational impact of Mini-CEX. This finding has several implications for practi-
tioners and researchers in health professions education. For practitioners, our results suggest
that it is essential to assure proper implementation and integration of the assessments into
daily routine in order for them to have an educational impact. For researchers, it is crucial to
take implementation characteristics into account when evaluating the educational impact of
Mini-CEX and DOPS. For example, a negative result, such as no effect of Mini-CEX/DOPS on
trainees’ performance, might be explained by improper implementation of the tools. Address-
ing implementation characteristics, such as fidelity, dosage, quality, participant responsiveness,
program differentiation, monitoring of control, program reach, and adaptation, when evaluat-
ing the tools can also help in improving the educational impact in the future. To facilitate fur-
ther research on factors influencing the educational impact, rigorous reporting is necessary.
Above and beyond the usual reporting standards [53, 54], the implementation framework of
Durlak and DuPre [17], as applied in this systematic review, could be useful to improve the
reporting of educational interventions and to guide implementation processes. Since the avail-
able evidence was limited to Kirkpatrick levels 1 and 2b, further research should also consider
effects of Mini-CEX and DOPS on higher Kirkpatrick levels, such as changes in behavior
(Kirkpatrick Level 3), organizational practice (Kirkpatrick Level 4a), or benefits to patients
(Kirkpatrick Level 4b). The evidence on Kirkpatrick level 2b was limited to undergraduate
trainees. Therefore, it would be interesting to examine whether the positive effects of Mini-
CEX and DOPS also hold true regarding postgraduate trainees.
Strengths
To our knowledge, we are the first to report meta-analyses on the educational impact of Mini-
CEX and DOPS. By applying a sensitive and broad search strategy, including undergraduate
and postgraduate medical trainees as well as trainees from health professions other than
human medicine, we assume that we detected all relevant articles on the educational impact of
Mini-CEX and DOPS. To analyze potential influences on the educational impact of Mini-CEX
and DOPS, we applied a framework of implementation characteristics according to Durlak
and DuPre [17].
Limitations
Despite our comprehensive search strategy, we found only four articles which reported effects
of Mini-CEX/DOPS on Kirkpatrick level 2. Whether the positive effects on undergraduate
trainees also hold true in postgraduate settings needs to be investigated. Although we analyzed
eleven potential influences on the educational impact of Mini-CEX and DOPS, we found only
two to be significantly associated with the educational impact of Mini-CEX. Due to the limited
data basis, we might have underestimated the number of associations of the educational
impact of Mini-CEX and DOPS with characteristics of the setting and of the implementation
status.
Conclusions
Despite the limited evidence regarding the educational impact of Mini-CEX and DOPS as well
as the limited reports on implementation status, we demonstrated positive effects of Mini-
CEX and DOPS on trainee performance in meta-analyses and identified two implementation
characteristics to be associated with the educational impact of Mini-CEX. The positive results
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of the meta-analyses might help educators to justify and strengthen the use of these tools in
health professions training. The finding that two characteristics of the implementation status
are associated with the educational impact puts further emphasis on the proper implementa-
tion of Mini-CEX and DOPS in order to increase their educational impact.
Supporting information
S1 Table. PRISMA 2009 checklist.
(PDF)
S2 Table. Definitions of potential influences and their classifications.
(PDF)
S3 Table. Studies included in systematic review and extracted data. Classification of
extracted data is displayed in italics. Abbreviations: ACE (assessment of clinical expertise),
CbD (case based discussion), CP (case conference), FY (foundation year), ITER (in-training
evaluation reports), JCP (journal club presentation), Mini-ACE (mini-assessed clinical
encounter), Mini-PAT (mini-peer assessment tool), MSF (multisource feedback), OSCE
(objective structured clinical examination), OSLER (objective structured long examination
record), PDA (personal digital assistant), PSQ (patient satisfaction questionnaire), WPBA
(workplace-based assessment).
(PDF)
Acknowledgments
The authors thank Gerhard Bissels (librarian) for his advice regarding the search strategy.
Author Contributions
Conceptualization: Andrea C. Lo¨rwald, Felicitas-Maria Lahner, Zineb M. Nouns, Christoph
Berendonk, John Norcini, Robert Greif, So¨ren Huwendiek.
Data curation: Andrea C. Lo¨rwald, Felicitas-Maria Lahner, Zineb M. Nouns, Christoph
Berendonk, John Norcini, So¨ren Huwendiek.
Formal analysis: Andrea C. Lo¨rwald, Felicitas-Maria Lahner, Robert Greif.
Investigation: Andrea C. Lo¨rwald, Felicitas-Maria Lahner, Zineb M. Nouns, So¨ren
Huwendiek.
Methodology: Andrea C. Lo¨rwald, Felicitas-Maria Lahner, Christoph Berendonk, John Nor-
cini, Robert Greif, So¨ren Huwendiek.
Project administration: Zineb M. Nouns.
Resources: So¨ren Huwendiek.
Software: Felicitas-Maria Lahner.
Supervision: Zineb M. Nouns, Christoph Berendonk, John Norcini, Robert Greif, So¨ren
Huwendiek.
Validation: Christoph Berendonk, John Norcini, So¨ren Huwendiek.
Visualization: Andrea C. Lo¨rwald, Felicitas-Maria Lahner.
Writing – original draft: Andrea C. Lo¨rwald.
Educational impact of Mini-CEX and DOPS
PLOS ONE | https://doi.org/10.1371/journal.pone.0198009 June 4, 2018 12 / 15
Writing – review & editing: Felicitas-Maria Lahner, Zineb M. Nouns, Christoph Berendonk,
John Norcini, Robert Greif, So¨ren Huwendiek.
References
1. Norcini JJ, Blank LL, Arnold GK, Kimball HR. The mini-CEX (clinical evaluation exercise): a preliminary
investigation. Annals of Internal Medicine. 1995; 123(10):795–9. PMID: 7574198
2. Wragg A, Wade W, Fuller G, Cowan G, Mills P. Assessing the performance of specialist registrars. Clin-
ical Medicine. 2003; 3(2):131–4. PMID: 12737369
3. Crossley J, Jolly B. Making sense of work-based assessment: ask the right questions, in the right way,
about the right things, of the right people. Medical Education. 2012; 46(1):28–37. https://doi.org/10.
1111/j.1365-2923.2011.04166.x PMID: 22150194
4. Kogan JR, Holmboe ES, Hauer KE. Tools for direct observation and assessment of clinical skills of
medical trainees: a systematic review. JAMA. 2009; 302(12):1316–26. https://doi.org/10.1001/jama.
2009.1365 PMID: 19773567
5. Norcini J, Burch V. Workplace-based assessment as an educational tool: AMEE Guide No. 31. Medical
Teacher. 2007; 29(9):855–71. https://doi.org/10.1080/01421590701775453 PMID: 18158655
6. Frank JR, Snell LS, Cate OT, Holmboe ES, Carraccio C, Swing SR, et al. Competency-based medical
education: theory to practice. Medical Teacher. 2010; 32(8):638–45. https://doi.org/10.3109/0142159X.
2010.501190 PMID: 20662574
7. Behere R. Introduction of mini-CEX in undergraduate dental education in India. Education for Health:
Change in Learning and Practice. 2014; 27(3):262–8.
8. Sweet LP, Glover P, McPhee T. The midwifery miniCEX—A valuable clinical assessment tool for mid-
wifery education. Nurse Education in Practice. 2013; 13(2):147–53. https://doi.org/10.1016/j.nepr.2012.
08.015 PMID: 23044360
9. Roghieh N, Fateme H, Hamid S, Hamid H. The effect of formative evaluation using "direct observa-
tion of procedural skills" (DOPS) method on the extent of learning practical skills among nursing stu-
dents in the ICU. Iranian Journal of Nursing and Midwifery Research. 2013; 18(4):290–3. PMID:
24403924
10. Hattie J, Timperley H. The Power of Feedback. Review of Educational Research. 2007; 77(1):81–112.
11. Shute VJ. Focus on Formative Feedback. Review of Educational Research. 2008; 78(1):153–89.
12. Schuwirth L. Making the horse drink: use of mini-CEX in an assessment for learning view. Adv in Health
Sci Educ. 2013; 18(1):1–4.
13. Cook DA, Lineberry M. Consequences validity evidence: evaluating the impact of educational assess-
ments. Academic Medicine. 2016; 91(6):785–95. https://doi.org/10.1097/ACM.0000000000001114
PMID: 26839945
14. Miller A, Archer J. Impact of workplace based assessment on doctors’ education and performance: a
systematic review. BMJ (Clinical research ed. 2010; 341(c5064).
15. Barr H, Freeth D, Hammick M, Koppel I, Reeves S. Evaluations of interprofessional education. London:
United Kingdom Review of Health and Social Care. 2000.
16. Academy of Medical Royal Colleges. Improving Assessment. London: Academy of Medical Royal Col-
leges; 2009.
17. Durlak JA, DuPre EP. Implementation matters: A review of research on the influence of implementation
on program outcomes and the factors affecting implementation. American Journal of Community Psy-
chology. 2008; 41(3–4):327–50. https://doi.org/10.1007/s10464-008-9165-0 PMID: 18322790
18. Cook DA, West CP. Conducting systematic reviews in medical education: a stepwise approach. Medical
Education. 2012; 46(10):943–52. https://doi.org/10.1111/j.1365-2923.2012.04328.x PMID: 22989128
19. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Annals of Internal Medicine. 2009; 151(4):264–9. PMID: 19622511
20. Reed DA, Cook DA, Beckman TJ, Levine RB, Kern DE, Wright SM. Association between funding and
quality of published medical education research. JAMA. 2007; 298(9):1002–9. https://doi.org/10.1001/
jama.298.9.1002 PMID: 17785645
21. Higgins JP, Green S. Cochrane handbook for systematic reviews of interventions: John Wiley & Sons;
2011.
22. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ
(Clinical research ed. 2003; 327(7414):557–60.
23. Routledge R. Fisher’s Exact Test. Encyclopedia of Biostatistics: John Wiley & Sons, Ltd; 2005.
Educational impact of Mini-CEX and DOPS
PLOS ONE | https://doi.org/10.1371/journal.pone.0198009 June 4, 2018 13 / 15
24. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. 2017.
25. Schwarzer G. Meta: An R package for meta-analysis. R news. 2007; 7(3):40–5.
26. Weston PS, Smith CA. The use of mini-CEX in UK foundation training six years following its introduc-
tion: Lessons still to be learned and the benefit of formal teaching regarding its utility. Medical Teacher.
2014; 36(2):155–63. https://doi.org/10.3109/0142159X.2013.836267 PMID: 24099402
27. Jackson D, Wall D. An evaluation of the use of the mini-CEX in the foundation programme. British Jour-
nal of Hospital Medicine. 2010; 71(10):584–8. https://doi.org/10.12968/hmed.2010.71.10.78949 PMID:
21085077
28. Sabey A, Harris M. Training in hospitals: What do GP specialist trainees think of workplace-based
assessments? Education for Primary Care. 2011; 22(2):90–9. PMID: 21439140
29. Bindal N, Goodyear H, Bindal T, Wall D. DOPS assessment: A study to evaluate the experience and
opinions of trainees and assessors. Medical Teacher. 2013; 35(6):e1230–4. https://doi.org/10.3109/
0142159X.2012.746447 PMID: 23627359
30. Brazil V, Ratcliffe L, Zhang J, Davin L. Mini-CEX as a workplace-based assessment tool for interns in
an emergency department—does cost outweigh value? Medical Teacher. 2012; 34(12):1017–23.
https://doi.org/10.3109/0142159X.2012.719653 PMID: 23039836
31. Castanelli DJ, Jowsey T, Chen Y, Weller JM. Perceptions of purpose, value, and process of the mini-
Clinical Evaluation Exercise in anesthesia training. Canadian Journal of Anesthesia. 2016; 63(12):1–12.
32. Alves de Lima A, Barrero C, Baratta S, Castillo Costa Y, Bortman G, Carabajales J, et al. Validity, reli-
ability, feasibility and satisfaction of the Mini-Clinical Evaluation Exercise (Mini-CEX) for cardiology resi-
dency training. Medical Teacher. 2007; 29(8):785–90. https://doi.org/10.1080/01421590701352261
PMID: 17917984
33. Kim S, Willett LR, Noveck H, Patel MS, Walker JA, Terregino CA. Implementation of a Mini-CEX
Requirement Across All Third-Year Clerkships. Teaching and learning in medicine. 2016; 28(4):424–
31. https://doi.org/10.1080/10401334.2016.1165682 PMID: 27141826
34. Lau Yanting S, Sinnathamby A, Wang D, Tan Mong Heng M, Leong Wen Hao J, Lee SS, et al. Concep-
tualizing workplace based assessment in Singapore: Undergraduate Mini-Clinical Evaluation Exercise
experiences of students and teachers. Tzu Chi Medical Journal. 2016; 28(3):113–20. https://doi.org/10.
1016/j.tcmj.2016.06.001 PMID: 28757737
35. Malhotra S, Hatala R, Courneya CA. Internal medicine residents’ perceptions of the Mini-Clinical Evalu-
ation Exercise. Medical Teacher. 2008; 30(4):414–9. https://doi.org/10.1080/01421590801946962
PMID: 18569664
36. Nair BR, Alexander HG, McGrath BP, Parvathy MS, Kilsby EC, Wenzel J, et al. The mini clinical evalua-
tion exercise (mini-CEX) for assessing clinical performance of international medical graduates. The
Medical Journal of Australia. 2008; 189(3):159–61. PMID: 18673104
37. Saeed NS, Tariq N, Jaffery T. Mini-CEX (Clinical Evaluation Exercise) as an assessment tool at Shifa
College Of Medicine, Islamabad, Pakistan. Rawal Medical Journal. 2015; 40(2):220–4.
38. Suhoyo Y, Scho¨nrock-Adema J, Rahayu GR, Kuks JBM, Cohen-Schotanus J. Meeting international
standards: A cultural approach in implementing the mini-CEX effectively in Indonesian clerkships. Medi-
cal Teacher. 2014; 36(10):894–902. https://doi.org/10.3109/0142159X.2014.917160 PMID: 25180877
39. Torre DM, Simpson DE, Elnicki DM, Sebastian JL, Holmboe ES. Feasibility, reliability and user satisfac-
tion with a PDA-Based Mini-CEX to evaluate the clinical skills of third-year medical students. Teaching
and learning in medicine. 2007; 19(3):271–7. https://doi.org/10.1080/10401330701366622 PMID:
17594223
40. Vaughan B, Moore K. The mini Clinical Evaluation Exercise (mini-CEX) in a pre-registration osteopathy
program: Exploring aspects of its validity. International Journal of Osteopathic Medicine. 2016; 19:61–
72.
41. Weller JM, Jolly B, Misur MP, Merry AF, Jones A, Crossley JG. Mini-clinical evaluation exercise in
anaesthesia training. British Journal of Anaesthesia. 2009; 102:633–41. https://doi.org/10.1093/bja/
aep055 PMID: 19336537
42. Weller JM, Jones A, Merry AF, Jolly B, Saunders D. Investigation of trainee and specialist reactions to
the mini-Clinical Evaluation Exercise in anaesthesia: implications for implementation. British Journal of
Anaesthesia. 2009; 103(4):524–30. https://doi.org/10.1093/bja/aep211 PMID: 19687033
43. Brittlebank A, Archer J, Longson D, Malik A, Bhugra DK. Workplace-based assessments in psychiatry:
Evaluation of a whole assessment system. Academic Psychiatry. 2013; 37(5):301–7. https://doi.org/10.
1176/appi.ap.11110198 PMID: 23771296
Educational impact of Mini-CEX and DOPS
PLOS ONE | https://doi.org/10.1371/journal.pone.0198009 June 4, 2018 14 / 15
44. Hengameh H, Afsaneh R, Morteza K, Hosein M, Marjan SM, Abbas E. The Effect of Applying Direct
Observation of Procedural Skills (DOPS) on Nursing Students’ Clinical Skills: A Randomized Clinical
Trial. Global Journal of Health Science. 2015; 7(7):17–21.
45. Hoseini BL, Mazloum SR, Jafarnejad F, Foroughipour M. Comparison of midwifery students’ satisfac-
tion with direct observation of procedural skills and current methods in evaluation of procedural skills in
Mashhad Nursing and Midwifery School. Iranian Journal of Nursing and Midwifery Research. 2013;
18(2):94–100. PMID: 23983736
46. Morris A, Hewitt J, Roberts CM. Practical experience of using directly observed procedures, mini clinical
evaluation examinations, and peer observation in pre-registration house officer (FY1) trainees. Post-
graduate medical journal. 2006; 82(966):285–8. https://doi.org/10.1136/pgmj.2005.040477 PMID:
16597818
47. Bindal T, Wall D, Goodyear H. Trainee doctors’ views on workplace-based assessments: Are they just
a tick box exercise? Medical Teacher. 2011; 33(11):919–27. https://doi.org/10.3109/0142159X.2011.
558140 PMID: 22022902
48. Weijs CA, Coe JB, Hecker KG. Final-year students’ and clinical instructors’ experience of workplace-
based assessments used in a small-animal primary-veterinary-care clinical rotation. Journal of Veteri-
nary Medical Education. 2015; 42(4):382–93. https://doi.org/10.3138/jvme.1214-123R1 PMID:
26421514
49. Kluger A, DeNisi A. The Effects of Feedback Interventions on Performance: A Historical Review, a
Meta-Analysis, and a Preliminary Feedback Intervention Theory. Psychological Bulletin. 1996;
119(2):254–84.
50. Ridder J, McGaghie WC, Stokking KM, Cate OT. Variables that affect the process and outcome of feed-
back, relevant for medical training: a meta-review. Medical Education. 2015; 49(7):658–73. https://doi.
org/10.1111/medu.12744 PMID: 26077214
51. Saedon H, Salleh S, Balakrishnan A, Imray CH, Saedon M. The role of feedback in improving the effec-
tiveness of workplace based assessments: A systematic review. BMC medical education. 2012;
12(1):25.
52. Hauer KE, Holmboe ES, Kogan JR. Twelve tips for implementing tools for direct observation of medical
trainees’ clinical skills during patient encounters. Medical Teacher. 2011; 33(1):27–33. https://doi.org/
10.3109/0142159X.2010.507710 PMID: 20874011
53. O’Brien BC, Harris IB, Beckman TJ, Reed DA, Cook DA. Standards for reporting qualitative research: a
synthesis of recommendations. Academic Medicine. 2014; 89(9):1245–51.
54. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel
group randomised trials. BMC Medicine. 2010; 8(1):18.
Educational impact of Mini-CEX and DOPS
PLOS ONE | https://doi.org/10.1371/journal.pone.0198009 June 4, 2018 15 / 15
